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Forest management can seriously modify the biodiversity of forest dwelling species, but the 11 
consequences are poorly known for certain taxa, particularly soil fauna, for which few studies 12 
have been published. We compared the biodiversity of dictyostelids cellular slime moulds in 13 
a managed and an unmanaged forest in the French Alps and analysed the influence of 14 
environmental factors on species richness and abundance of dictyostelids. To our 15 
knowledge, this study is the first one undertaken in the European Alps. We must better 16 
understand the influence of various environmental factors on the biodiversity of these 17 
organisms if we want to accurately define their functional role in the soil. In our study, 18 
dictyostelids showed lower levels of diversity compared to previously published results. The 19 
mean species richness of dictyostelids was marginally higher in unmanaged than in 20 
managed forests and biodiversity indices were significantly correlated with elevation and pH. 21 
This suggests that environmental factors have a predominant effect on the biodiversity of 22 
dictyostelids and that the effect of forest management is secondary.  23 




The composition, structure and functions of European forests have been significantly 26 
modified by centuries of human disturbance (Bengtsson et al., 2000). In turn, these 27 
modifications are thought to affect the biodiversity of forest dwelling species by changing 28 
forest site conditions such as topsoil and litter properties (Cassagne et al., 2006; Sebastia et 29 
al., 2005; Standovar et al., 2006). However, the real impact of forest management on species 30 
is still poorly understood. This is particularly true for soil communities, for which very few 31 
studies have been published in Europe (Paillet et al., in press). This limited knowledge is 32 
undoubtedly due to the difficulty of sampling soil fauna and to the fact that sampling protocols 33 
often describe only a small part of soil total biodiversity (Fitter et al., 2005). Yet human-34 
induced changes in forest soil-dwelling communities are likely to deeply alter ecosystem 35 
functions (Scheu, 2005). In this context, unmanaged forests are a reference state both for 36 
biodiversity and for close-to-nature forest management. 37 
Dictyostelids – cellular slime moulds – are a group of unicellular free living amoebae 38 
particularly abundant in forest soils (Swanson et al., 1999). Within the soil trophic chain, 39 
dictyostelids are of particular importance because they feed on soil bacteria, which helps to 40 
control and modify soil bacteria populations (e.g. Feest, 1987). Dictyostelids also appear to 41 
stimulate the decomposition and mineralization of soil nutrients (Swanson et al., 1999). In 42 
this study, we compared dictyostelid communities in a managed and an unmanaged mixed 43 
beech-fir-spruce mountain forest with regard to forest characteristics. This study is the first 44 
carried out in the Alps. We hypothesized that species richness and abundance of 45 
dictyostelids would be higher in the unmanaged than in the managed forest and that 46 
environmental factors such as elevation and pH could have a significant effect on dictyostelid 47 
biodiversity. 48 
 49 
Materials and methods 50 
Study site description 51 
 4 
The Massif du Vercors is a pre-alpine mountain range located in eastern France. The 52 
mountain range is calcareous, and is mainly characterized by high Urgonian cliffs and large 53 
scree deposits down the slopes. The vegetation has never been strongly influenced by 54 
human activity due to difficulty of access. While considerable deforestation has occurred 55 
elsewhere in the Alps, the Vercors has been quite well preserved. 56 
Our study area is a forested natural reserve (45°11'30"N, 5°30'20"E) that covers 920 ha. The 57 
climate is characterized by an average precipitation of more than 2000 mm per year at 1000 58 
m a.s.l. and an annual mean temperature of 10°C. The elevation of the montane range varies 59 
from 882 to 1636 m.a.s.l. The reserve area is comprised of a managed and an unmanaged 60 
part. The unmanaged zone has not seen any human disturbance for at least 10 years but 61 
had been extensively managed before. 62 
Sampling design 63 
We set up 5 study plots in both the managed and unmanaged parts. The plots were chosen 64 
on a 200x200 m grid at random with respect to forest site homogeneity. However, as is often 65 
the case in the Alps, the unmanaged zones were at a slightly higher elevation than the 66 
managed zones. The main characteristics of the forest stands are summarized in Table 1. 67 
On each study plot, three topsoil cores were sampled 10 m from the plot centre, in three 68 
directions (0, 133 and 267 grads). A 25 cm3 soil core was sampled in the 5 first cm of topsoil, 69 
litter of the year removed. The three soil cores from each plot were mixed in a composite 70 
sample representative of the soil conditions of each plot.  The soil properties of each 71 
composite sample were analysed by the INRA laboratory of Arras for the following 72 
properties: pH, Cation Exchange Capacity, organic carbon (C), mineral nitrogen (N). The 73 
ratio C/N was calculated afterwards. 74 
Dictyostellid isolation 75 
A sub-sample of each composite sample was used to study dictyostelids. Isolation 76 
procedures used for dictyostelids followed Cavender and Raper (1965). Each sample was 77 
weighed and diluted for an initial soil/water ratio of 1:10. This mixture was shaken to disperse 78 
the material and to suspend the cells of the dictyostelids. A 5.0 mL volume of this initial 79 
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dilution was added to 7.5 mL of sterile, distilled water to create a 1:25 dilution of sample 80 
material. Aliquots (each 0.5 mL) of this suspension were added to each of two or three 95– 81 
100x15 mm culture plates prepared with hay infusion agar (Raper, 1984) to produce a final 82 
dilution of 0.02 g of soil per plate. Approximately 0.4 mL of a heavy suspension of E. coli 83 
strain 281 was added to each culture plate, and plates were incubated under diffuse light at 84 
20–25°C. Each plate was examined at least once a day for several days after the 85 
appearance of initial aggregations. Dictyostelid species were then determined following 86 
Raper's nomenclature (1984). 87 
Statistical analyses 88 
We used Wilcoxon tests to compare differences in environmental and biodiversity data 89 
between managed and unmanaged forests. We used Spearman's rank correlation tests to 90 
assess the correlation between species richness and abundance of dictyostelids and 91 
environmental variables (elevation, soil and stand characteristics). 92 
 93 
Results 94 
Among environmental data, only spruce basal area differed significantly between managed 95 
and unmanaged forests (P=0.03). Elevation (P=0.06), dead wood volume (P=0.1) and fir 96 
basal area (P=0.1) only marginally differed between managed and unmanaged forests (Table 97 
1). 98 
Only five species of dictyostelids were found and noticeably, two plots were devoid of 99 
dictyostelid species (Table 2). Dictyostelid species richness tended to be higher in 100 
unmanaged than in managed plots (P=0.09) whereas the number of clones was significantly 101 
higher in unmanaged plots (P=0.05). Two species (Dictyostelium giganteum and 102 
Polysphondylium violaceum) appeared only in two plots. Conversely, Dictyostelium aureo-103 
stipes and Dictyostelium mucuroides were the most frequent dictyostelid species and were 104 
more frequent in the unmanaged plots. Dictyostelium spaerocephalum was present both in 105 
managed and unmanaged forests but more frequent in the latter plots. 106 
 6 
We then sought environmental variables that correlated with dictyostelid biodiversity 107 
indicators. We also looked for correlations between environmental variables (Table 3). 108 
Species richness significantly correlated with elevation (Fig. 1), pH (Fig. 2) and Cation 109 
Exchange Capacity (CEC) and marginally significantly with dead wood volume. Abundance 110 
(clone number) significantly correlated with elevation and spruce basal area and marginally 111 
with pH and deadwood volume. The highest Spearman's coefficient value occurred when 112 
correlating species richness and elevation. Cation Exchange Capacity significantly correlated 113 
with elevation and pH. All the other correlations tested were non-significant. 114 
 115 
Discussion 116 
This exploratory study of dictyostelid biodiversity in managed and unmanaged forests is the 117 
first to be set up in the Alps. Among the previous studies referenced in Swanson et al. 118 
(1999), one did concern French forests but only in lowland areas (Cavender, 1969). Our 119 
sampling design allowed us to isolate a relatively small number of dictyostelid species - only 120 
five - compared to the 14 species isolated by Romeralo and Lado (2006) in Mediterranean 121 
forests and to the 30 species isolated by Landolt et al. (2006) in the Great Smoky Mountains, 122 
for example. Abundance was equally low, particularly in the managed plots which yielded 123 
only an average of 16.40 clones per gram. These results may have been influenced by the 124 
relatively dry conditions during the sampling year (2007) but were most probably also due to 125 
the narrower and more controlled range of habitats we sampled. Indeed, previous studies 126 
had broader habitat types, e.g. ranging from bogs to subalpine forests in Landolt et al. 127 
(2006). In addition, forest management in the reserve has been abandoned at least 10 years 128 
before our study and recovery of soil biodiversity may be slow, as suggested by Paillet et al. 129 
(in press) for other taxa. This slow recovery could thus be another explanation of the modest 130 
values of biodiversity indices. 131 
Dictyostelid species richness and abundance were higher in unmanaged than in managed 132 
plots, thus suggesting the potential of unmanaged forests to host more dictyostelid species 133 
than managed forests. Elevation and pH proved to be also correlated with biodiversity 134 
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indices. Although our sampling protocol was relatively unbiased regarding elevation and pH, 135 
even the slight differences in elevation and pH seemed to explain the differences in species 136 
richness and abundance. Indeed, several publications suggest that pH and elevation are 137 
important drivers of dictyostelid species richness throughout the world (e.g. Swanson et al., 138 
1999). However, the positive relationships we found partly contradicted the literature: in our 139 
study, the higher the elevation, the higher the biodiversity, whereas Landolt et al. (2006) 140 
showed a negative effect of elevation on dictyostelid abundance and a positive effect on 141 
species richness. Biodiversity indices also showed significant correlations with dead wood 142 
volume and, for abundance only, basal area of spruce, which partly confirms the influence of 143 
management on dictyostelid biodiversity. 144 
In terms of species composition, the soils in the alpine forests we studied were more 145 
comparable to those of boreal coniferous forests than to those of temperate deciduous 146 
forests (Swanson et al., 1999). D. mucuroides is known to be a cosmopolitan species often 147 
encountered throughout the world; indeed, this species was the more frequent in our 148 
samples. Conversely, P. violaceum, another ubiquitous species, appeared only once in our 149 
sample. D. sphaerocephalum is characteristic of boreal coniferous soils whereas the 150 
relatively widespread D. aureo-stipes is more characteristic of deciduous temperate forests. 151 
Surprisingly, this latter species, more characteristic of disturbed and cultivated soils 152 
(Swanson et al., 1999), occurred more frequently in unmanaged than in managed plots. This 153 
suggests differences in soil disturbance regime between managed and unmanaged forest 154 
types. Finally, the single occurrence of D. giganteum was difficult to interpret. 155 
In conclusion, elevation and pH have a predominant effect on the biodiversity of dictyostelids. 156 
The effect of forest management is probably secondary but non negligible. Forest 157 
management may have two opposite consequences on dictyostelid biodiversity. Firstly, soil 158 
disturbance induced by wood harvesting may cause increased biodiversity levels as 159 
suggested by Swanson et al. (1999). However, it is not certain that the soil disturbance 160 
regime in managed forests is higher than in unmanaged forests where natural forest 161 
dynamics, in particular treefalls and deadwood, may disturb physical and chemical soil 162 
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properties as strongly as wood harvesting does in managed forests (Buckley et al., 2003; 163 
Spielvogel et al., 2006). Secondly, different tree species composition in managed and 164 
unmanaged forests may modify topsoil conditions, which then become unsuitable for 165 
dictyostelids. In our case, the pH decrease caused by a higher proportion of Picea abies (e.g. 166 
Augusto et al., 2003) may lead to a reduction in bacteria density, thus reducing food 167 
availability for dictyostelids. 168 
To assess the importance of soil protozoa in regulating soil ecosystem function (e.g. 169 
Clarholm, 2005), we need to better understand the factors that influence dictyostelid 170 
biodiversity. In particular, predator-prey relationships between bacterial and dictyostelids 171 
communities have to be further explored with respect to environmental variables (Griffiths et 172 
al., 1999), especially soil pH (Fierer and Jackson, 2006). Indeed, despite the low abundance 173 
observed in this study, dictyostelids may structure bacterial communities on which they feed, 174 
and play a role in important ecosystem processes such as nitrogen mineralisation (Clarholm, 175 
2005). In this effort, unmanaged forests may be able to serve as a reference state to which 176 
the effects of different management methods on biodiversity could be compared. This 177 
comparison would also be a first step towards filling the gap of unknown biodiversity 178 
differences between managed and unmanaged forests. 179 
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Table 1: Environmental, soil and stand characteristics in managed and unmanaged 240 
alpine forest plots. (*) P<0.1, *P<0.05, n.s. non-significant result, SE : Standard Error. 241 
 Managed (n=5) Unmanaged (n=5) Wilcoxon test 
Environmental characteristics    
Elevation (m) (+/-SE) 1098 (67) 1188 (55) (*) 
Aspect West West - 
Soil characteristics    
pH (+/-SE) 4.7 (0.1) 5.3 (0.4) n.s. 
CEC (+/-SE) 14.1 (1.6) 20.8 (4.2) n.s. 
C/N (+/-SE) 15.2 (0.6) 13.9 (0.7) n.s. 
Stand characteristics    
Mean Basal Area (+/- SE) 38.7 (4.1) 40.9 (2.2)  
Mean Dead wood volume (+/- SE) 20.1 (11.8) 85.5 (37.6) (*) 
%Basal Area Beech 16.3 35.9 n.s. 
%Basal Area Fir 21.2 32.7 (*) 
%Basal Area Spruce 53.1 15.4 * 
 242 
Table 2: Dictyostelid relative abundance, species richness and abundance in managed and 243 
unmanaged alpine forests 244 
Management Managed plots (n=5) Unmanaged plots (n=5) 
Plot 1 2 3 4 5 1 2 3 4 5 
Dictyostelium aureo-stipes 86%     86% 45% 14% 40% 33% 
Dictyostelium giganteum          17% 
Dictyostelium mucuroides 14% 50% 100%   14% 33% 43% 60% 33% 
Dictyostelium sphaerocephalum  40%     22% 43%  17% 
Polysphondylium violaceum   10%         
Mean species richness (+/-SE) 1.20 (0.58) 2.80 (0.37) 
Mean abundance (clones g soil -1 +/-
SE) 16.40 (7.13) 130.20 (45.94) 
 245 
Table 3: Correlation matrix of Spearman's coefficients (ρ) between dictyostelid biodiversity 246 
indices and environmental variables. (*) P<0.1, *P<0.05, n.s. non-significant result. 247 
 Species 
richness 











Abundance 0.840** 1 - - - - -  - - 
Elevation 0.847** 0.776** 1 - - - - - - - 
pH 0.804** 0.585(*) n.s. 1 - - - - - - 
CEC 0.711* n.s. 0.677* 0.721* 1 - - - - - 
C/N n.s. n.s. n.s. n.s. n.s. 1 - - - - 
Basal Area n.s. n.s. n.s. n.s. n.s. n.s. 1 - - - 
Dead wood volume 0.573(*) 0.616(*) n.s. n.s. n.s. n.s. n.s. 1 - - 
Basal Area Beech n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 1 - 
Basal Area Fir n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 1 





























Figure 2: Relationship between dictyostelid species richness and pH 275 
 276 
 
ρ= 0.847; p< 0.01; n=10 
 
ρ= 0.804; p< 0.01; n=10 
 
